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Abstract 
The present paper deals with the application of the potentiometric E-tongue system for water toxicity estimation in terms of 
qualitative and quantitative cyanobacterial microcystin toxins (MCs) detection. The data obtained by potentiometric multisensor 
system were correlated to the MCs content detected by standard cromatographic tecnique UHPLC-DAD, as far as by colorimetric 
enzimatic approach. The prediction of Microcystine-LR released by toxic Microcystis aeruginosa strains was possible with mean 
relative error of validation of 0.164 µg/l using PLS regression. Moreover, the possibility to distinguish toxic and non toxic 
Microcystis aeruginosa strains in potable water by means of E-tongue was demonstrated. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The freshwater poisonings caused by species quired of cyanobacteria (known as blue–green algae) is nowadays a 
serious problem. Many of the cyanobacterial species are able to produce potent toxins and among them one of the 
most hazardous are microcystins [1]. MCs belong to a family of hepatotoxic cyclic heptapeptides, Fig.1, which are 
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responsible for the poisoning of environment and wild nature, as well as dangerous for human health being protein 
phosphatase inhibitors and tumour promoters when present in nanomolar concentrations [2]. MC-LR, containing 
leucine (L) and arginine (R) fragments is considered the most toxic among the microcystins family and often the 
total amount of MCs is represented relative to MC-LR content, Fig.1. 
 
 
Fig. 1. The chemical structure of MC-LR.   
In order to protect both human and animal, the management of surface and drinking water is essential, and the 
development of rapid, reliable, and non time consuming analytical procedures to detect MCs became very important. 
Besides well-known instrumental methods such as HPLC and LC/MS, the plenty of enzyme-linked immunosorbant 
assays (ELISA) applications and other types of enzymatic sensory systems were previously reported for MCs 
detection [3-5]. Recently E-tongue devices were satisfactory applied for the environmental monitoring and in 
particular for water quality evaluation and several toxins detection [6-7]. In this study, we present a first application 
of potentiometric E-tongue system for the analysis of potable water toxicity on the base of MCs presence. E-tongue 
was applied to distinguish the toxic and non-toxic strains of Microcystis aeruginosa, cyanobacteria, releasing MCs 
as the product of their metabolism, added into the potable water samples. Moreover, the possibility to predict the 
amount of MC-LR release by toxic Microcystis aeruginosa strain by means of E-tongue system was investigated 
and the satisfactory PLS correlations between E-tongue data, chromatographic UHPLC-DAD technique, and by 
colorimetric enzymatic approach were obtained.  
2. Experimental 
The E-tongue was based on 8 potentiometric cross-sensitive sensors: six of them were (PVC)-plasticized sensors 
based on ion-exchangers and ligands of various structure, other two sensors were Pt and stainless steel metallic bar 
electrodes. The sensors were conditioned in 0.01 M NaCl for 24h before the first measure and stored in the same 
solution between the consecutive tests. First the response of E-tongue system towards MC-LR was evaluated in the 
range from 1*10-10 M to 1*10-8 M in a tap water background at ambient temperature (+22 ◦C).  
Then the classification of non-toxic (NON TOX) and toxic (TOX) strains of Microcystis aeruginosa added to the 
potable water from “Tor Vergata” zone of Rome was performed. The algae strains were grown in laboratory 
conditions in BBM inorganic buffer solution. Prior to the sampling the strains were acclimatized at 23 °C and light 
of 40 μmol m-2 s-1 for tree days, afterwards the 1-month algae growth was monitored in order to register the 
variations in the toxin production and its release in the surrounding medium. Prior the analysis with E-tongue, the 
cyamobacteria strains were filtered on Whatman 1822-025 (borosilicate glass, porosity GF/C 1.2 µm) filter.  
UHPLC-DAD measurements were performed with UltiMate 3000 LC system (Dionex) equipped with automated 
sampling unit and Diode Array Detector (DAD) detector. The separation was made on Acclaim RSLC 120 C18 (100 
x 2,1 mm; 2,2 µm) Dionex column  at 65°C. The MC content detection was performed at 238 nm. The colourimetric 
enzymatic method was based on PP2A enzyme inhibition [5]. 
Principal component analysis (PCA) was applied for classification of non-toxic and toxic strains of Microcystis 
aeruginosa. The PLS regression method was applied to correlate E-tongue response to MC-LR with the data 
obtained by both UHPLC-DAD and colorimetric enzymatic techniques. For this, the consecutive additions of NON 
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TOX and TOX cyanobacteria strains in tap water background were performed in order to obtain the following ratios 
of algae strain : tap water: 1:10000, 1:3333, 1:1666, 1:1000, 1:500, 1:100, 1:20. Afterwards the final amount of MCs 
in samples were calculated from UHPLC-DAD data. PCA and PLS treatment was performed with Unscrambler 
software (v. 9.7, 2007, CAMO Software AS, Norway). The validation of PLS model was performed using the cross-
validation approach. The RMSEC and RMSEV (Root Mean Square Error of Calibration and Validation 
respectively), and the correlation coefficient of predicted versus measured correlation line, R2, were used to evaluate 
the efficiency of obtained PLS model. 
 
3. Results and Discussion 
In this study, for a first time, a potentiometric E-tongue system was used to distinguish toxic and non toxic 
Microcystis aeruginosa strains added in the potable water. This system was also used to perform the quantitative 
analysis of released MCs toxins. 
 
The correlation coefficient of PLS1 calibration towards MC-LR concentrations, obtained in the range from 1*10-
10 M to 1*10-8 M in a tap water background, was 0.with a RMSEC of 1.6*10-9M. 
The possibility to distinguish two strains, and especially the different evolution of toxic and non-toxic strains 
over the 1-month growth period by means of E-tongue system was demonstrated, Fig.2. In fact, as it can be seen 
from Fig.2, the samples of toxic strain with the highest concentrations of MCs (according to the data provided by 
UHPLC-DAD, analyzed on 19.09.2013, 14.10.2013 and 26.09.2013) are located far separated from the group of 
other samples where the presence of  MCs was not revealed.  
 
 
Fig. 2: PCA score plot for E-tongue data obtained during the measurements of local potable water samples contaminated by toxic (TOX) and non 
toxic (NON TOX) Microcystis aeruginosa strains. 
Moreover, the variations in the toxin production and its release in the surrounding medium, during the 1-month 
algae growth, were monitored by means of E-tongue system. The amounts of MC-LR in natural water samples, 
contaminated by toxic strain, were evaluated by standard chromatographic technique UHPLC-DAD, and by 
colorimetric enzymatic approach and related to E-tongue response.  
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As it is shown in Table 1, satisfactory correlation coefficients and RMSEV lower then 1 µg/l, the provisional 
guideline of World Health Organization (WHO) [2], were obtained from the potentiometric E-tongue system. This 
study opens up a new perspective in the field of environmental monitoring by means of potentiometric multisensory 
systems. Further studies on MCs detection are in progress in our laboratories.  
Table 1. The parameters of the E-tongue system performance in prediction of the MCs content by PLS regression method 






MCs by UHPLC-DAD vs E-tongue 0.844 0.108 0.164 
MCs by colorimetric enzimatic approach vs E-tongue 0.770 0.250 0.373 
MCs by UHPLC-DAD vs colorimetric enzimatic approach 0.845 0.0084 0.0089 
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